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® Dtoxephosphodnsnes, their preparation and um for resolving optically active compounds. 

© New dioxcaphosphorinanes having the formula: 



in which: 

M denotes a hydrogen atom or a metal or ammonium ton, 

R1 and R2 denote a hydrogen atom, a halogen atom, an 
ailcyl group having 1 upto4cajtxmatorns,a/iaIko>^ 
1 up to 4 carbon atoms, a nitro group or together denote a 
methylene dfoxy group and 

R3 and R4 denote hydrogen atom, a halogen atom, an ailcyl 
group having 1 up to 4 carbon atoms or together denote a 
cyctohexyl group, one at most of the g roups R3 and R4 denoting a 
frydrogen atom. 

A process for the preparation of these dioxaphosphorinanes 
from a substituted 1 -phenyl- 1 ,3-dihydroxypropane by reacting 
this product with phosphoryl choride, the resolution of the diox- 
aphosphorinanes in optical isomers by reacting with an optically 
active amino compound and the resolution of racemates of a 
plurality of amino compounds, such as hydroxyphenylglydne and 
phenylalanine, in optically active isomers by reacting with said 
dkwaptosphorinanes are described. 
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Dloxaphosphorlnane st their preparation and use for resolving optically 
aotlve compounds 

This invention relates to novel dloxaphosphorlnanes, the prepara- 
tion of these compounds, and their use for resolving raoemates of 
optically active amino-oompounds into the individual optical isomers. 

Several optically aotive aoids are known which can be used as 
resolving agents for raoemates of optically aotive amino-oompounds, 
including amino-aoids. Optically aotive amino-oompounds are used on 
the one side for separating specific raoemates of optioally active 
aoids and on the other side as an intermediate for the preparation of 
pharmaceuticals, inter alia. Examples of the latter use are phenylgly- 
oine, parahydroxyphenylglyolne, 2-aminobutanol-l and 2-amino-l-phenyl- 
1,3 -propanediol. 

Optioally active acids are expensive generally} an additional 
factor is that they have to be prepared by a complex process. 
Moreover, these optically active resolving agents are not always proof 
against raoemization in an aoidlo and/or alkaline medium and they are 
often difficult to recover after use. Also they are generally only 
suitable for separating a small number of raoemates of optically 
aotive amino-oompounds. Por this reason attempts are oontinually being 
made to find optically aotive acids without the above disadvantages. 

The compounds according to the Invention are dioxaphosphorinanes 
having the general formula I 



I 


in which: 

- M denotes a hydrogen atom or a metal or ammonium ion, 

- R1 and R2 denote a hydrogen atom, a halogen atom, an alkyl group 
having 1 up to 4 carbon atoms, an alkoxy group having 1 up to 4 car- 
bon atoms, a nitro group or together denote a methylene dioxy group 
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and 

- R3 and R4 denote a hydrogen atom, a halogen atom, an alkyl group 
having 1 up to 4 carbon atoms or together denote a oyolohexyl group, 

% one at most of the groups R3 and R4 denoting a hydrogen atom. 
5 These compounds are simple and oheap to prepare, are easily 

resolved into optical isomers, are very resistant to raoemization in 
an alkaline and aoidlo medium and are also easy to recover. 

The compounds according to the invention also have the advantage 
of being available in both the + and the - form. This is in contrast 
10 to the optically active compounds derived from natural produots, of 
which generally only one of the isomers is available. 

Particularly suitable are the above compounds in which t 

- R1 and R2 denote a hydrogen or chlorine atom, a methyl, ethyl, 
aethoxy, ethoxy or nitro group or together denote a 3, ^methylene 

15 dioxy group and 

- R3 and R4 denote a hydrogen atom, a chlorine atom, a methyl group or 
together denote a oyolohexyl group. 

Examples of suitable compounds are given in Table I. 

The racemio dioxaphosphorinanes according to the invention can be 
20 prepared by reaoting a racemio diol, having the general formula II 



II 


in wioh R1 up to R4 have the same meanings as in formula I, with 
30 phosphoryl chloride and hydrolyzing the resulting product in an alka- 
line medium. 

The diols according to formula II are largely known compounds 
which can be obtained in known manner. In oases where R3 and R4 in 
formula II denote an alkyl group, such as methyl and ethyl, a mixed 
35 aldol condensation, for example, can be used by reacting 1 equivalent 
of an aromatic aldehyde with two equivalents of a dlalkyl aoetaldehyde 
in the presence of 1 equivalent of potassium hydroxide in alcoholic 
medium. This first results in an aldol which is reduced to a 1,3-diol 
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by the excess of dialkyl aoetaldehyde. Thia reaction ia described 
inter alia in OS Patent 3 092 639. In caaea in which R 3 and M respec- 
tively denote a hydrogen and a halogen atom, the 1,3-diols can eaaily 
be prepared by reacting N-ehlorosueeinic acid imide, or bromine with 
3-phenyl-allyl alcohol. These processes are described in Dolby L.J., 
Milkens C, Frey T.O, Journal Org. Chem. 3J. (1966), 1110 and Bret- 
aohneider H, Karpitschka N, Monatsoh. Chem. 84 (1953) 1043. 

The optioal Isomers of the dioxaphosphorinanes according to the 
invention can be separated from the corresponding raoemate with opti- 
cally aotive amino-oompounds such aa (-)-ephedrine, < + >-2-amino-1- 
phenyl-1,3 propanediol, (-)-2-amino-1-butanol and (-)-para-hydroxy- 
phenylglyoine. 

For the said compounds Table I indicates the optioally aotive 
aminea that can be used to separate the relevant optically aotive 
15 dioxaphosphorinanes from one another inter alia. 

The optically aotive isomers of the dioxaphosphorinanes according 
to the invention can be uaed for separating the optioally aotive iso- 
mers of various amino-oompounds used inter alia as an intermediate for 
the preparation of pharmaceutical products. Although it is not 
possible to separate the optical Isomers of any amino-oompound with 
just a single dloxaphosphorinane aooordlng to the invention, 
dioxaphospborlnanea are fairly universally uaable. 

For example, using 1,3,2-dioxaphoaphorinane, 5,5-dimethyl-4-(2»- 
methoxyphenyl)-2-hydroxy-2-oxide (compound 3 in Table 1) it ia 
poaslble to separate the optioally aotive Isomers of phenylalanine, 
S-(amino-iminomethyl)-^ -meroaptobutyrio acid, parahydroxyphenyl- 
glyoine, 1-phenyl-2-paramethoxyphenyl-ethylamine and H-l1-(«'-methoxy- 
phenyl ) -iso propyl J -N-ethyl-amine . 

The 1,3,2-dioxaphosphorinane, 5,5-dimethyl-U-(2«-ohlorophenyl)-2- 
hydroxy-2-oxide (compound 9 in Table I) is suitable not only for 
resolving the above five amlno-compounda into their optioal isomers, 
but also for resolving 1,2,3,4-tetrahydro-5-methoxy-»-propyl-2- 
naphtalene-amine and 1,2-di-(4«-ohlorophenyl)-l,2-diamino-ethane. 

a third compound suitable for resolving parahydroxyphenylglyoine, 
which is very important for the preparation of pharmaceutical pro- 
ducts, is 1,3,2-dioxaphosporinane, 5,5-dimethyl-i|-(2« ,4'-diohloro- 
phenyl)-2-hydroxy-2-oxide (compound 11 in Table I) which has also been 
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found very suitable for resolving 1 ,2-di(4»-chlorophenyl)-1 f 2-diamino- 
ethane and 1-phenyl-2-para-methoxyphenyl-ethylamine. 

The universal usability is further enhanced by the fact that a 
choice can be made from a wide range of optically active dioxaphos- 
phorlnanes. 

The invention will be explained in detail with referenoe to the 
following examples. 
Example I 

Preparation of 1, 3,2-dioxaphosphorinane, 5,5-dimethyl-4-(2»-chloro- 
phenyl)-2-hydroxy-2-oxide. (Compound 9 in Table I). 

A solution of 141.0 g (0.92 mole) of phoaphoryl chloride in 250 ml 
of diohloromethane was added over a period of 1 hour with agitation to 
183.1 g (0.854 mole) of 1 - ( 2 ' -ohlorophenyl ) -2 , 2-dimethyl- 1 , 3-dihydroxy- 
propane in 400 ml of diohloromethane. The mixture was heated with 
reflux for 4 hours and then concentrated by evaporation. The resulting 
residue was heated with agitation with a solution of 100 g of sodium 
hydroxide (2.5 mole) in 1 litre of water until a substantially clear 
liquid was obtained. The mixture, from which a granular substance 
rapidly separated, was cooled to 70°C and mixed with 290 ml of con- 
centrated hydrochloric add. An oil formed, whioh rapidly solidified. 
After filtering off the remaining liquid, washing with water and 
ether, followed by drying at 80°c, 201.6 g (0.729 mole) of the above 
dioxaphosphorinane was obtained, equivalent to an 85* yield. 
Example II 

Preparation of 1,3»2-dioxaphoaphorinane, 5,5-dimethyl-4-(2«- 
methoxyphenyl)-2-hydroxy-2-oxlde. (Compound 3 in Table I). 

A mixture of 122 g (0.796 mole) of phoaphoryl chloride in 250 ml 
of diohloromethane was added over a period of half an hour with 
cooling to 163.5 g (0.779 mole) of 1-(2 , -methoxyphenyl)-2, 2-dimethyl- 1, 
3-dihydroxy-propane and 168.7 g (1.67 mole) of triethylamine in 350 ml 
of dichloromethane. After 4| hours 1 heating with reflux, the reaction 
mixture was twice extraoted with 750 ml of water. The water layers 
were extracted with 300 ml of diohloromethane. 

All the dichloromethane fractions were dried on sodium sulphate 
and concentrated by evaporation. The remaining oil was heated with a 
solution of 88 g (2.2 mole) of sodium hydroxide in 800 ml of water 
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until a dear solution formed. This solution was cooled and 250 ml of 
concentrated hydrochloric aoid was added at 40°C. The result was an 
oil which solidified on further cooling* After removal of the liquid, 
washing with water and ether, and drying 173-3 g (0.637 mole) of the 
5 above dioxaphosphor inane was obtained. The yield was 83$. 
Example III 

The oompounds 1,2,6,11,12,13 and 15 of Table I were prepared in 
the same way as in Example I from the corresponding did. 
Example IV 

10 The oompounds 4,5,10 and 14 of Table I were prepared in the same 

way as in Example II from the corresponding did. 
Example V 

Preparation of 1,3,2-dioxaphosphorinane, 5-bromo-4-phenyl-2- 
hydroxy-2-oxide. (Compound 8 in Table I). 

15 A mixture of 18.5 g (0.121 mole) of phosphoryl chloride and 50 ml 

of diohloromethane was added over a period of 15 minutes to a mixture 
of 23*1 g (0.100 mole) of 2-broao-1 -phenyl- 1,3-propanediol, 18.1 g 
(0.229 mole) of pyridine and 200 ml of diohloromethane. The mixture was 
heated with reflux for 3 hours and washed twice with 250 ml of water. 

20 The water layers were extracted with 150 ml of diohloromethane. The 
diohloromethane fractions were dried on sodium sulphate and then con- 
centrated by evaporation. The resulting residue was mixed with 12.5 g 
(0.313 mole) of sodium hydroxide and 200 ml of water and was heated for 
11 hours at a temperature of 65 - 70°c. After oooling to 20°C the 

25 resulting solution was aoidif led with 50 ml of concentrated hydro- 
chloric aoid. The precipitated dioxaphosphorlnane was sucked off and 
washed with water and ether. The yield was 23.9 g (81.6 m mole) equiva- 
lent to an 82$ yield. 
Example VI 

30 Resolution of the optical isomers of 1,3,2-dioxaphosphorinane, 

5,5-dimethyl-4-(2 f -ethoxyphenyl)-2-hydroxy-2-oxide. (Compound 10 in 
Table I). 

A mixture of 115.4 g (0.403 mole) of the raoemate of compound 10 
and 68.0 g (0.407 mole) of (-)-parahydroxyphenylglycine was dissolved 
35 with heating in 1400 ml of a 1:1 mixture of water and ethanol. The 

solution was cooled by leaving it at room temperature for 5 hours with 
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agitation and the oooasional addition of seed crystals . The 
diastereomerio salt which crystallized out was filtered off and washed 
with 250 ml of water. After drying the weight was 66.8 g (0.147 mole) 
and the optical rotation |cCj 578 = -98.5. The yield was 37$. 
The diastereomerio salt obtained in this way was agitated for 5 hours 
with a mixture of 30 ml of concentrated hydrochloric acid and 300 ml 
of water. After filtration and drying, 42.0 g (0.147 mole) of 
dloxaphosphorinane with an optical rotation I*l 578 = -60.9 was 
obtained. Hydrolysis of the filtrate remaining after filtration of the 
diastereomerio salt, known as the main filtrate, yielded 61.6 g of 
dloxaphosphorinane with an optloal rotation t«Cl 57 a » ♦ 37.0. 
WJ578 here and hereinafter is given for C a 0.5 g per 100 ml 
solution in methanol unless otherwise stated. 
Bxample VII 

Resolution of the optical isomers of 1,3,2-dioxaphosphorinane, 
5,5-dimethyl-l|-phenyl-2-hydroxy-2-oxide (Compound 1 in Table I). 

A mixture of 24.2 g (0.1 mole) of the raoemate of compound 1 and 
16.7 g (0.1 mole) of (♦)-2-amino-1-phenyl-1,3-propanediol was dissolved 
by heating in 200 ml of ethanol. The solution was concentrated by eva- 
poration and 11.9 g of diastereomerio salt was obtained therefrom 
after cooling. The filtrate was further oonoentrated by evaporation 
and combined with a mixture of 122 g (0.504 mole) of raoemate of com- 
pound 1, 85 g (0.509 mole) of ( + )-2-amino-1 -phenyl- 1,3-propanediol and 
450 ml of ethanol. After heating until dissolution, the mixture was 
i oooled by leaving it at room temperature for 12 hours with agitation. 
The preoipitated salt was filtered off, washed with water and ether 
and dried. In this second step, 46.85 g of diastereomerio salt with an 
optloal rotation 1*1578 ■ -15.7 was obtained. Another 31.7 g of 
diastereomeric salt with [KI578 = -11.2 was crystallized out of the 
l washing liquids and the main filtrate by concentrating by evaporation 
and cooling to -15°C , and yielded 20.5 g of pure diastereomerio salt 
by reoryatalllzation with 80 ml of ethanol. The total production of 
orystallized-out diastereomerio salt was 79.26 g (0.194 mole). The 
yield was 32*. 

The 46.85 g of diastereomerio salt from the second step were con- 
verted with a 100* yield into the free dloxaphosphorinane by treatment 
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with 150 ml of hydrochlorio aoid in 300 ml of water. The optical rota- 
tion was -60.1 ([oC3 57 8i C = 1, CH3OH). 

From the remaining filtrate of the third step it was possible 
after considerable concentration by evaporation to filter off a por- 

5 tion of salt which after hydrolysis yielded 32.86 g of dioxaphosphori- 
nane with [01)578 = 37.0. 

After further concentration of the remaining filtrate, another 
portion of salt was obtained which after hydrolysis yielded 43.0 g of 
dlozaphosphorlnane with [XJ578 s + ** 2#9# Reorystallizatlon of the 

10 latter two portions from a 3i1 mixture of ethanol and water yielded 
23.47 g and 31.61 g respectively of purified dioxaphosphorinane with 
E0CI578 8 + 54.2 and 60.2 respectively. 
Example VIII 

Resolution of the optical isomers of 1,3,2-dioxaphosphorinane, 
15 5 f 5-dimethy-4-(2 , 4 t -diohlorophenyl)-2-hydroxy-2-oxide. (Compound 11 in 
Table I). 

A mixture of 285.5 g (0.918 mole) of the dioxaphosphorinane and 
155 g (0.939 mole) of (-)-ephedrine was dissolved with heating in 500 
ml of ethanol. The solution was cooled to 20°C with agitation. Agita- 

20 tion was continued for another 4 hours and then the mixture was left 
to stand for 12 hours. After filtration of the precipitate, washing 
with ether, reorystallizatlon from 430 ml of ethanol and drying, 118.5 
g (0.249 mole) of diastereomerlo salt was obtained with an optical rota- 
tion £«Cl578 3 + 6-2. The yield was 27*. Using 117 g, hydrolysis 

25 with 50 ml of concentrated hydrochlorio aoid in 450 ml of water gave 
75.45 g (0.243 mole) of dioxaphosphorinane with an optical rotation 

c°ci578 s + i**** y ield "** 97 '* 

From the main filtrate, after evaporation of 250 ml of ethanol, a 
diastereomerlo salt was precipitated which, after filtration, washing 
30 with ether and drying, weighed 52.5 g (0.110 mole) and had an optioal 
rotation [0(1578 3 -44.0. Hydrolysis of this product with 20 ml of 
hydroohlorio aoid in 180 ml of water yielded 32.4 g (0.104 mole) of 
dioxaphosphorinane with [^1578 3 " 43.2. 
Example IX 

35 Resolution of the optical isomers of 1,3,2-dioxaphosphorinane, 

5,5-dimethyl-4-(2 , chlorophenyl)-2-hydroxy-2-oxide. (Compound 9 in 
Table I). 
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A mixture of 169.9 g (0.615 mole) of racemate of compound 9 and 
102.7 g (0.615 mole) of (-)-parahydroxyphenylglyoine was dissolved with 
heating in a mixture of 1030 ml of 96* ethanol and 800 ml of water. 
The mixture was cooled by leaving it at room temperature with agita- 
tion and occasional addition of seed orystals. Agitation was then con- 
tinued for 12 hours and the precipitated dlastereomerio salt was 
filtered off, washed with 300 ml of water and dried. The production 
was 103. 6 g (0.234 mole), equivalent to a 38* yield. The optical rota- 
tion was - 95.7 M 5l6 ). 

The resulting dlastereomerio salt was hydrolyzed by agitating it 
for 6 hours with 105 ml of concentrated hydrochloric add and 465 ml 
of water. After filtration, washing with water and drying, 58.8 g of 
dioxaphoephorinane were obtained (91* yield) with an optical rotation 
&C1578 » - 49.3. 

The main filtrate after the treatment with para-hydroxyphenylglyeine 
was left to stand for 2 days and then agitated for 7 hours with 150 ml 
of concentrated hydroohlorio add. After suotlon filtration, washing 
and drying, 74.3 g of dioxaphosphorinane was obtained with IKI578 e 
♦48.9. 
Example 10 

Resolution of the optical Isomers of 1,3,2-dioxaphoaphorinane, 

5,5-dimethyl-4-(2«-dtrophenyl)-2-hydroxy-2-oxide. (Compound 2 in 
Table I). 

A mixture of 58.6 g (0.204 mole) of the raoemate of compound 2 and 
34.2 g (0.205 mole of (-)-parabydroxyphenylglyoine was dissolved with 
heating in 600 ml of a 1t1 mixture of water and absolute eloohol. The 
mixture was cooled by leaving it at room temperature with agitation 
and oooasional addition of seed orystals. After 12 hours* agitation, 
the precipitated dlastereomerio salt was filtered off, washed with 
water and dried at 75°C. The yield was 40.5 g (89.2 mole, 44*). The 
optical rotation of the salt lotl 573 8 -353. 

39.95 g of the resulting salt was agitated for 7 hours with 45 ml of 
concentrated hydroohlorio add in 135 ml of water. The preoipitated 
dioxaphosphorinane was filtered off and washed and after drying 
weighed 23.6 g (82.2 m mole, 94*) and fo^^a m _i| 63- 

After the treatment with para-hydroxyphenylglyoine the main 
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filtrate, after decomposition with hydrochloric acid, yielded 27.7 g 
of dioxaphosphor inane with [0CJ578 3 + *09« Reorystallization of 
this product with CH3OH yielded 17-73 g with &O578 3 + 489 * 0ver 
6 g of the dioxaphosphorlnane with positive rotation were additionally 
5 obtained after concentrating the filtrate by evaporation. 

It was found that the resolutions according to Examples VI up to 
X are reversible , i.e. the optical isomers of the relevant amine can 
be separated with the relevant dioxaphosphorlnane. 
Example XI 

10 Resolution of the optloal isomers of phenylalanine with 

,3,2-dioxaphosphorinane, 5 9 5-dimethyl-4-(2'-chlorophenyl)-2- 
hydroxy-2-oxlde. (Compound 9 in Table I). 

k mixture of 8.80 g (31.8 m mole) of the (-) form of the 
dioxaphosphorlnane and 5*25 g (31*8 m mole) of phenylalanine raoemate 

15 was dissolved with heating In 60 ml of water and 25 ml of absolute 

alcohol. The mixture was cooled by leaving it at room temperature with 
agitation and the occasional addition of seed crystals. After 5| 
hours' agitation the precipitate was filtered off, washed with water 
and dried. The yield was 6.03 g (13.7 m mole) equivalent to a 43$ 

20 yield. The MJ578 of the precipitate was -26.6. Of this product 5*87 
g (13*3 m mole) were hydrolyzed by agitation for 7 hours with 7 ml of 
concentrated hydrochloric acid and 63 ml of water. The dioxaphosphorl- 
nane re-liberated in this way was filtered off and washed and after 
drying weighed 3*5 g (12.7 m mole). This means that 95% was recovered. 

25 The filtrate was dissolved in a mixture of 10 ml of water and 5 ml of 
ethanol and neutralized with a dilute sodium hydroxide solution. The 
resulting precipitate consisted of 1.1 g (+)-phenyl -alanine with 
WJ578 s ♦ 34.2 (C n 1.96, H 2 0). 

The remaining filtrate after concentration by evaporation and pur if 1- 
30 cation over a Dowex -H+ column yielded another 0.75 g phenylalanine 
with C0CI578 3 + 32.8. 

The total yield was 1.85 g (11.2 m mole) equivalent to 84*. 
Example XII 

Resolution of the optical isomers of 1 -phenyl- 2-paramethoxyphenyl- 
35 ethylamine with (+)- 1,3,2-dloxaphosphorinane, 5 9 5-dlmethyl-il-(2 f -4' 
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-dlchlorophenyl)-2-hydroxy-2-oxide. (Compound 11 in Table I). 
A mixture of 12.5 g of the Impure amine and 14.5 g (46.6 m mole) of the 
dioxaphosphorinane was heated with 105 ml of methanol for 60 hours 
with agitation. Prom the mixture it was possible to recover 8.14 g 
(15.1 m mole, 32*) of the dlastereomerio salt with fcj 578 » ♦ 76.9. Of 
this product, 7.93 g were agitated with 150 ml of 1N sodium hydroxide 
solution. After agitating the suspension for 16 hours, 50 ml of 
chloroform were added and after agitation for another half hour the 
solid was filtered. From this solid, which consisted of the sodium salt 
of the dioxaphosphorinane, the free acid can be recovered after 
acidification. The filtrate, whloh consisted of two layers, was 
separated by means of a separating funnel. The aqueous layer was 
extracted with 40 ml of ohloroform and the chloroform layer was washed 
with water. The ohloroform fraotions were dried, concentrated by eva- 
poration and purified by Kugelrohr distillation at 135<>C under a 
pressure of 6.03 mm Hg. This yielded 3.05 g of colourless amine (13.4 
m mole) equivalent to 91* yield). The toCj 57 8 was ♦ 64.3 (C « 1.07, 
CB3OH). 
Example XIII 

Resolution of the optioal isomers of the amine of Example m with 
(-)-1 ,3,2-dioxaphoaphorinane, 5,5-dimethyl-4-(2»-methoxyphenyl)-2- 
hydroxy-2-oxide. (Compound 3 in Table I). 

A mixture of 16.8 g (61.8 m mole) of the dioxaphosphorinane and 
15.5 g of the impure amine was dissolved with heating in a mixture of 50 
J ml of 96* ethanol and 10 ml of water. After cooling, by leaving the 
mixture to stand for 12 hours with agitation, it was possible to filter 
off 7.92 g (15.9 m mole) of dlastereomerio salt. The yield was 26*. The 
optioal rotation r<l 578 was - 86.3. Of this produot, 7.5 g was agi- 
tated for 5 hours with a solution of 4.0 g of sodium hydroxide in 100 
> ml of water. The liquid was extracted twice with 50 ml of chloroform, 
washed with 50 ml of water, dried and concentrated by evaporation. 
Kugelrohr distillation yielded 3.2 g (14.1 m mole, yield 94*) of amine 
w 1 " 1 C0CI578 a " 6 3-8 (C = 1.11, CHjOH). 

Prom the aqueous liquid remaining after extraction with chloroform it 
was possible to recover 14.71 g of dioxaphosphorinane after acidifica- 
tion, equivalent to an 88$ yield. 
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Example XIV 

Separation of the optical isomers of methionine with 
t3f 2-dioxaphosphorinane, 5»5-diniethyl-4-(2 , -ohlorophenyl)-2- 
hydroxy-2-oxide (Compound 9 in Table I). 

5 A mixture of 7*64 g (50.0 m mole) of raoeaate of methionine and 

13*83 g (50.0 m mole) of the (+)-dioxaphosphorinane was dissolved with 
heating in a mixture of 70 ml of 96% ethanol and 35 ml of water. After 
cooling the solution with agitation for 5 hours the preoipitated 
diastereomerio salt was sucked off, washed with water and dried. The 

10 yield was 5.46 g (12.8 m mole, 26*) with [gCl578 = + 33-3. This salt 
was agitated for 4 hours with 45 ml of water, 6 ml of concentrated 
hydrochlorio aoid and 10 ml of methanol. From the non-dissolved frac- 
tion it was possible to recover 3*42 g (12.4 m mole) of dioxaphosphori- 
nane (96* yield) by filtration, washing with water and drying. The 

15 dissolved fraction was concentrated by evaporation, dissolved in water 
and purified over a Dowex -B+ column. 

After concentration by evaporation of the purified product, 1.6 g (10.7 
m mole) of (+) -methionine were obtained with 3 + 21.8 (C a 

0.797, 0.2H hydrochloric acid). The yield was 84*. 
20 Example XV 

Separation of the optical isomers of 1,2-di(4 , -ohlorophenyl)-1,2- 
diamino-ethane by means of (-)-1,3,2-dioxaphoaphorinane, 5,5-dlmethyl- 
4-phenyl-2-hydroxy-2-oxide. (Compound 1 in Table I). 
A mixture of 12.5 g (44.6 m mole) of the (-)-dioxaphosphorinane and 

25 12.5 g (44.5 m mole) of the diamine was dissolved with heating in 75 ml 
of 96* ethanol. The mixture was cooled by leaving it to stand for 5} 
hours with agitation and the occasional addition of seed crystals. The 
precipitate was filtered, washed with an ethanol/ether mixture and then 
with ether and then dried. The production was 6.38 g (12.2 m mole) of 

30 diastereomerio salt with £0(2578 8 ♦ *3«8. The yield was 27*. The 

diastereomerio salt was agitated with 2 g of sodium hydroxide in 50 ml 
of water. 25 ml of chloroform were then added and agitation was con- 
tinued for half an hour. After dilution with 50 ml of water and 25 ml 
of chloroform, the layers were separated. The aqueous phase was 

35 extracted with 50 ml of chloroform. The ohloroform fractions were 

washed with water, dried and concentrated by evaporation. The resulting 
oil, which solidified on cooling, had an C0CI578 3 + 150.2 and 
weighed 3.38 g (12.0 m mole) equivalent to a 99* yield. 

It was possible to recover in all 9.46 g, of dioxaphosphorinane 
(88* yield). 
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CLAIMS 

1. Dioxaphoaphorinanea of the general formula I 



I 


in which: 

- M denotea a hydrogen atom or a metal or ammonium ion, 

- R1 and R2 denote a hydrogen atom, a halogen atom, an alkyl group 
having 1 up to 4 oarbon atoms, an alkoxy group having 1 up to 4 car- 
bon atoms, a nitro group or together denote a methylene dioxy group 
and 

- R3 and R4 denote a hydrogen atom, a halogen atom, an alkyl group 
having 1 up to 4 carbon atoms or together denote a oyolohexyl group, 
one at most of the groups R3 and R4 denoting a hydrogen atom. 

2. Dioxaphoaphorinanea aooording to olaim 1, having the general for- 
mula I in whiohi 

- R1 and R2 denote a hydrogen or ohlorine atom, a methyl, ethyl, 
methoxy, ethoxy or nitro group or together denote a 3,4-methylene 
dioxy group and 

- R3 and R4 denote a hydrogen atom, a chlorine atom, a methyl group or 
together denote a oyolohexylgroup, one at most of the groups R3 and 
R4 denoting a hydrogen atom. 

3. Dioxaphoaphorinanea aooording to olaim 1, having the general 
formula I in which s 

- R1 denotes a hydrogen or halogen atom at the para-position, 

- R2 denotes a methoxy group or ohlorine atom at the ortho-position 
and 

- R3 and R4 denote a methyl group, 

4. Optically active isomera of the dioxaphoaphorinanea according to 
olaim 1. 
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5. Optioally active isomers of the dioxaphosphorinanes according to 
olaim 2. 

6. Optically active isomers of the dioxaphosphorinanes according to 
claim 3. 

5 7* A process for the preparation of dioxaphosphorinanes acoording 
to claims 1, 2 or 3i characterised in that a diol of the general formula 
II 


10 



II 


in which R1 up to R4 have the same meanings as in claims 1, 2 or 3 $ is 
reacted with phosphoryl ohloride and the resulting product is hydro- 
lyzed in an alkaline medium. 

20 8. A process for the preparation of optically active isomers of a 
dioxaphosphorinane according to claims 4, 5 or 6, characterised in that 
the corresponding raoemate is reaoted in a solvent with an optioally 
aotive amino-oompound to form a dlastereomerio salt which at least par- 
tially crystallizes out and a dlastereomerio salt which remains in 

25 solution and after separation of the orystallized-out and dissolved 
salts one or both salts are hydro lyzed. 

9. A process for separating the optioally aotive isomers of an 
amino-oompound from the corresponding raoemate, characterised in that 
the raoemate is reaoted with an optioally aotive dioxaphosphorinane 

30 according to olaims 4, 5 or 6 to form a dlastereomerio salt which 

crystallizes out and a dlastereomerio salt which remains in solution, 
the two salts are separated from one another and if necessary hydro- 
lyzed. 

10. A process for separating the optical Isomers of para- 

35 hydroxyphenylglyoine, characterised in that the raoemate of para- 
hydroxyphenylglyoine is reaoted with an optically active 
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10 


15 


dioxaphosphorinane according to claim 6 to form a diastereomerio salt 
which crystallizes out and a diastereomerio salt which remains in solu- 
tion, the two salts are separated from one another and if necessary 
hydrolyzed. 

11. A process for separating the optical isomers of phenylalanine, 
characterised in that the raoemate of phenylalanine is reacted with an 
optioally active dioxaphosphorinane according to olaim 6 to form a 
diastereomerio salt which crystallizes out and a diastereomerio salt 
which remains in solution, the two salts are separated form one another 
and if necessary hydrolyzed. 

12. A process for separating the optical Isomers of 1-phenyl-2- 
paramethoxyphenyl-ethylamine, characterised in that the corresponding 
raoemate is reaoted with an optioally active dioxaphosphorinane 
according to olaim 6 to form a diastereomerio salt which orystallizea 
out and a diastereomerio salt whioh remains in solution, the two salts 
are separated from one another and if necessary hydrolyzed. 
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